Abstract: Recent studies have suggested that Helicobacter pylori could prevent allergic disease, particularly in children. However, whether this is true in adults is controversial. The aim of this study was to investigate whether there is negative association between H. pylori infection and asthma among adults in an area with a high prevalence of H. pylori.
INTRODUCTION
H elicobacter pylori is a Gram-negative spiral bacterium that colonizes the gastric epithelium causing chronic gastritis and peptic ulcer disease. 1 It has also been classified as a group 1 gastric cancer carcinogen by the International Agency of Research on Cancer. 2 Thus, enormous efforts have been made to develop better diagnostic tools and treatment regimens to eradicate H. pylori. As a result, the prevalence of H. pylori appears to be decreasing in many parts of the world. [3] [4] [5] [6] [7] [8] Possible contributors to this decrease are assumed to be improved sanitation, widespread use of antibiotics, and decreased family size. 9 In contrast, the prevalence of allergic diseases, such as asthma, allergic rhinitis, and atopic dermatitis, has increased dramatically in developed countries. [10] [11] [12] This rapid increase could be explained by declining exposure to infection because of smaller sized families, improved hygiene, and vaccination programs. 13, 14 In addition, changes in indigenous microflora have been suggested to play a role in the rise in allergic diseases. 15 Some studies have found an inverse association between H. pylori infection and the occurrence of asthma, particularly in children. 5, 16, 17 However, whether it is also true in adults is controversial. Moreover, no East Asian studies have revealed any relationship between H. pylori and asthma, although this region has the highest prevalence of H. pylori. This study was performed to investigate whether there is negative association between H. pylori and asthma among adults in an area with a high prevalence of H. pylori infection.
METHODS

Study Population
This study enrolled all Korean subjects aged !18 years who had health surveillance checkups, including the serum anti-H. pylori IgG level at the Seoul National University Hospital Healthcare System Gangnam Center between January and December 2011. For each subject, the body mass index was calculated with body weight and height which were measured on the day of health checkup. All subjects answered a questionnaire under the supervision of a well-trained interviewer. We retrospectively reviewed prospectively collected questionnaires for this study. The questionnaire included questions about demographic characteristics (age, sex, and residence), socioeconomic status (education level and monthly family income), and clinical characteristics (smoking history, H. pylori eradication history, current medication, history of asthma, and other allergic conditions). In this study, H. pylori eradication history was defined as any history of medication intended to eradicate H. pylori, regardless of documented clearance. Other allergic conditions consisted of allergic rhinitis, atopic dermatitis, chronic urticaria, food/drug allergies, contact dermatitis, and bee venom allergy. No participants reported anaphylaxis.
This study was approved by the Institutional Review Board of Seoul National University Hospital (IRB No. H-1506-002-6730) and complies with the Declaration of Helsinki. Patient informed consent was waived given the retrospective nature of the study.
H. pylori Infection Status
H. pylori infection was defined as having anti-H. pylori IgG or a history of H. pylori eradication. Anti-H. pylori IgG was measured using H. pylori-EIA-Well (Radim, Rome, Italy). 7 The sensitivity and specificity of this kit have been shown to be 95.6% and 97.8%, respectively, compared with Genedia H. pylori ELISA used as the gold standard in a previous study. Genedia H. pylori ELISA using all known antigens from Korean H. pylori strains has shown 97.8% of sensitivity and 92.0% of specificity. 18 H. pylori eradication history was investigated by a questionnaire. To enhance the data on H. pylori infection history, we reviewed the serological status in 2005 when available. 19 Out of the total study population, 8.5% had serological test in 2005 through the health checkup. Overall serological status was considered positive when either anti-H. pylori IgG status in 2005 or 2011 was positive. Those who had either anti-H. pylori IgG or a history of H. pylori eradication were considered to have a current or past H. pylori infection.
History of Asthma and Other Allergic Conditions
The questionnaires completed at the time of medical checkups and their medical records were reviewed to collect information about patient's history of asthma and other allergic conditions. Those who had been diagnosed with asthma by a physician, regardless of current medication, were considered to have asthma.
Medical records or current medication were checked in more detail in the case of inconsistency of multiple answers for asthma history, and when there were definite records for an asthma diagnosis or the patient was currently taking a bronchodilator prescribed for asthma, the subjects were considered to have asthma. Other allergic conditions were considered positive when any one of the answers was positive among the multiple questionnaires.
Socioeconomic Status
Education status was categorized into 3 levels of low (middle school graduate or less), middle (high school graduate or university dropout), and high (graduate of university or postgraduate course). Monthly family income status was classified into 3 groups of low (<$3000USD/month), middle ($3000-10,000/month), and high (>$10,000/month). The income category was taken from the previous study concerning H. pylori prevalence in Korea. 7 
Statistical Analysis
Categorical variables were analyzed using the chi-square test or Fisher's exact test. Basically we used the chi-square test. However, Fisher's exact test was used instead of chi-square test when >20% of expected frequencies were 5 or less. Continuous variables were analyzed using Student's t-test. The binary logistic regression model was used to analyze dichotomous variables according to predictor variables. Independent variables with P values <0.20 in univariate analyses and those already known to be strongly associated with the outcome variable were examined in multivariable binary logistic regression models. A P value <0.05 was considered significant. All P values are presented without correction for multiple testing. All analyses were performed with the Statistical Package for the Social Sciences, ver. 18.0 for Windows software (SPSS Inc., Chicago, IL). Figure 1 
RESULTS
Demographic Characteristics
Overall, mean age was 50.6 years and the proportion of men was 53.8%. About half of the subjects were past or current smokers. More than 70% had a high education level and were living in an urban area. Most of the subjects had monthly family incomes >$3000 (Table 1) . A multivariable regression indicated that subjects with H. pylori infection were older (P < 0.001) and were more often men (P < 0.001), compared with those without H. pylori infection. In addition, H. pylori infection was positively correlated with age (OR, 1.050; 95% CI, 1.047-1.053, P < 0.001; Figure 2 ).
Relationship Between H. pylori Infection and Asthma
A multivariable analysis showed that H. pylori infection status (P ¼ 0.001) and level of education (P ¼ 0.001) were independently associated with asthma (Table 2 ). Also, age and H. pylori infection were revealed to have a positive interaction on asthma (P < 0.001).
Among all participants, H. pylori infection showed inverse relationship with asthma (OR, 0.109; 95% CI, 0.039-0.305, P < 0.001). However, as the interaction between H. pylori infection and age was also related with asthma with statistical significance, we further performed subgroup analysis by age. In this study population, asthma history was positively correlated with age (OR, 1.022; 95% CI, 1.013-1.032, P < 0.001). However, the increasing tendency with age was only significant among those !40 years (OR, 1.052; 95% CI, 1.039-1.065, P < 0.001), but not among those <40 years (OR, 0.978; 95% CI, 0.937-1.022, P ¼ 0.328). As the trend in asthma prevalence according to age shifted before and after the 40s (Figure 3 ), subgroup analyses with cut-off value of 40 years were performed to analyze the relationship between H. pylori infection and asthma (Table 3) . A univariate analysis revealed that H. pylori infection was significantly inversely correlated with asthma among those <40 years (OR, 0.522; 95% CI, 0.297-0.917, P ¼ 0.022), whereas this was not observed among those !40 years (OR, 1.217; 95% CI, 0.935-1.585, P ¼ 0.143). Next, factors related to asthma were evaluated among those <40 years. In this subgroup, male sex (OR, 1.854; 95% CI, 1.137-3.024, P ¼ 0.012) and current/past smoking (OR, 2.045; 95% CI, 1.248-3.351, P ¼ 0.004) were significantly associated with asthma, whereas age, body mass index !23 kg/m 2 , high education level, urban residence, high monthly family income were not. H. pylori infection was negatively correlated with asthma after adjusting for factors shown to be related with asthma among those <40 years in a univariate analysis (OR, 0.503; 95% CI, 0.280-0.904, P ¼ 0.021).
Relationship Between H. pylori Infection and Allergic Conditions Other than Asthma
Most of the allergic conditions other than asthma were allergic rhinitis with a rate of 79.8%, followed by food/drug allergy with a rate of 26.5%. The types of allergic conditions other than asthma and their combinations are shown in Table 4 . H. pylori infection showed no relationship with other allergic conditions in a univariate analysis (OR, 0.930; 95% CI, 0.859-1.008, P ¼ 0.076). A multivariable analysis revealed that H. pylori infection was not an independent predictor for other allergic conditions (OR, 0.932; 95% CI, 0.639-1.359, P ¼ 0.715) ( Table 2 ). In contrast, age (OR, 0.993; 95% CI, 0.993-0.999, P ¼ 0.016) and high education level (OR, 1.252; 95% CI, 1.149-1.364, P < 0.001) were independently related with other allergic conditions. In subgroup analyses among those less than and greater than 40 years old, H. pylori infection was not significantly related with other allergic conditions in both univariate and multivariable analyses (Table 5) .
DISCUSSION
This large scale study demonstrated an inverse relationship between H. pylori infection and asthma among adults <40 years old. A similar inverse relationship has been reported among children in several studies, 5, 16, 17 but it remains still controversial in adults due to conflicting evidence. [20] [21] [22] [23] [24] Even in studies showing an inverse relationship in the adult population, the relationship is only true for CagAþ H. pylori strains. 22, 23 In addition, most studies that have shown an inverse relationship between H. pylori and asthma have been conducted in Western countries where H. pylori prevalence is considerably low. Studies performed in East Asia have failed to show a relationship between them, 20, 21 where subgroup analyses were not performed according to age. We found inverse association between H. pylori infection and asthma among adult individuals. According to age groups, the inverse correlation was clear in those <40 years old. This is the first report to show an inverse relationship between H. pylori infection and asthma among adults in an area with a high prevalence of H. pylori.
The present study included a large number of healthy individuals. Age ranged from 18 to 91 years, and mean age was 50.6 years. The tendency for H. pylori infection increased with age, which is consistent with a nationwide study on H. pylori prevalence that showed a birth cohort effect. 7 However, the asthma prevalence rate, which did not show increasing tendency with age in the younger population, changed significantly in subjects in their 40s and then increased with age. Nationwide surveys conducted in Korea show that the prevalence of asthma in 12 to 15 year-old Korean children almost doubled between 1995 and 2000, indicating an increasing asthma trend in adolescence. 12, 25 A population-based study using questionnaires on current wheezing and methacholine challenge tests in Korean adults showed that the prevalence of 
<0.001
Age group, n (%) asthma was positively correlated with age, particularly in subjects >40 years old. 26 The 2010 Korean National Health and Nutrition survey showed similar findings that the prevalence of physician-diagnosed asthma decreases until the age of 40 and then increases again. 27 Considering these results and an expected cohort effect, the trend in asthma prevalence shown in the present study seems comparable with that of the general Korean population. In addition, a similar asthma prevalence curve by age was reported by the National Health Interview Survey of United States using 2001 to 2009 annual averages. 28 Thus, we divided patients with asthma into elderly and youth types, at 40 years of age based on the age at the time of participation in this study. It was carried out under the concept that early onset asthma has different characteristics and mechanism of development from those of late onset asthma, which has been suggested in previous studies. 22, 29 Similar to findings reported previously in a Western country, 22 our study showed an inverse relationship in young adults but not in older adults. However, the confidence interval for the association among the young adults was considerably wide in this study. It is thought to be because of the relatively small number of asthmatics in this group. Nevertheless, the finding that the association in the young adults was true even after adjusting for related parameters further enhances the relationship. Therefore, the absence of H. pylori infection was an independent risk factor for asthma in young adults. This study's result also shows that the inverse relationship between H. pylori and asthma is not exclusively Western but could be a worldwide phenomenon.
Our findings could be explained by the ''hygiene hypothesis,'' which proposes that increased exposure to microbes early in life may prevent allergic diseases. 30 In this context, several studies have reported inverse relationships between asthma and several micro-organisms, such as hepatitis A virus, Toxoplasma gondii, and herpes simplex virus type 1. 31 Another study showed a dose response in an inverse relationship between atopy and multiple infection of foodborne or orofecal microbes. 32 H. pylori could be only a surrogate for hygiene status and co-infection with organisms that are true asthma preventive factors. However, H. pylori has demonstrated definite relationships with asthma after adjusting for other Bold style indicates statistical significance.
Other allergic conditions indicate allergic rhinitis, food/drug allergy, allergic contact dermatitis, atopic dermatitis, chronic urticaria, and bee venom allergy.
micro-organisms, 5, 22 showing a specific association with asthma. Another hypothesis supporting this inverse association is the ''decreasing microbiota hypothesis,'' which claims that intestinal microbiota affect the immune system. 33 According to this hypothesis, commensal bacteria regulate the Th1/Th2 equilibrium. H. pylori, the ancient indigenous microbe, is expected to affect the immune system by shifting the cytokine balance toward the Th1 type, which suppresses Th2-dominated allergic diseases. 34 It has been reported that H. pylori alters the T cell response by inducing T cell expression of interleukin-12, tumor necrosis factor-a, and interferon-g. [35] [36] [37] In addition, induction of regulatory T cells has been verified through H. pylori infection in several studies. [38] [39] [40] [41] [42] In addition, H. pylori neutrophil-activating protein was reported to play an important role in promoting the HkTh1 immune response, which consequently represses asthma development. 43, 44 Another study reported that oral tolerization with H. pylori extract prevents airway hyperresponsiveness, bronchoalveolar eosinophilia, pulmonary inflammation, and Th2 cytokine production, which are hallmarks of allergen-induced asthma in mice. 45 In this study, the inverse relationship between H. pylori and asthma was found in those <40 years, but not in those >40 years old. The reason for this is unclear. However, it may be related to the different characteristics of early and late onset asthma. Early onset asthma usually accompanies atopic dermatitis or allergic rhinitis. Such an allergic march is associated with allergen sensitization and an IgE-mediated Th2 reaction. In contrast, late onset asthma can be affected by various environmental factors, such as smoking, air pollution, certain occupations, and others, 46 so the aetiologic role of H. pylori would be small. In the present study, we did not differentiate between the early and late onset asthma, but divided the subjects based on age at the time of participation, which could be a limiting factor of this cross-sectional study. Actually, asthma in the elderly does not necessarily mean only late onset asthma, but long lasting early onset asthma and recurrent asthma after improvement of early onset asthma as well. 47 Thus, it can be very difficult to categorize asthma according to time of onset. In this study, H. pylori infection was not associated with other allergic conditions excluding asthma. The possible reason could FIGURE 3. Prevalence of asthma according to age. The trend of asthma prevalence according to age significantly shifted before and after forties. It tended to decrease by age in the population under their 40s and since then gradually increased by age. Bold style indicates statistical significance.
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Reference is low to middle education level. Reference is low to middle monthly family income.
be that this category was a cluster of various allergic conditions involving a variety of mechanisms. However, even analysis for allergic rhinitis alone, which accounted for about 80% of the allergic conditions other than asthma, failed to show a relationship with H. pylori. Another possible reason could be the low accuracy of data on these allergic conditions. In the present study, the definition of ''asthma'' was ''physician-diagnosed asthma,'' which is quite reliable. However, the definition for ''allergic rhinitis'' and ''food/drug allergy'' mostly depended on a subject's report rather than a physician-diagnosed. For example, subjects with vasomotor rhinitis that shows symptoms, similar to those observed in subjects with allergic rhinitis, on the exposure of cold air could have reported that they had allergic rhinitis. 48 Another explanation is that it might be an outcome not associated with an allergic etiology. The relationship between H. pylori and allergic rhinitis has not been consistently demonstrated to be inverse. 16, 24 Therefore, H. pylori may affect allergic rhinitis differently way from asthma. A well-designed prospective study would answer this question.
Several limitations of this study should be mentioned. One is the cross-sectional study design. As we only checked the history of asthma, we could not exclude the possibility of the development of asthma before H. pylori infection. However, as H. pylori acquisition is known to occur in the early life, the development of asthma was presumed to be the later event in the present study. Furthermore, as this study was based on a convenience sample, it inevitably has limitation in representing general population. However, the scale of this study, which is the largest to date on this issue, may have power to better represent the real phenomenon, although not enough as prospective studies do. Besides, the study population of health examinees in this study may not represent the general population. Most of the subjects were highly educated and living in an urban area. This might have induced selection bias. However, after adjusting for those factors, H. pylori infection was inversely related with asthma. Recall bias may have occurred, as our data on asthma history depended on self-report. Nevertheless, we reviewed all available questionnaires obtained during previous years and medical records were reviewed in cases with inconsistent answers about asthma history. Most of the subjects had undergone multiple health checkups at a single center, which enhanced the reliability of the data. Similarly, data on H. pylori infection status was supplemented with H. pylori eradication history, as serological status can shift from Bold style indicates statistical significance. Allergic conditions other than asthma indicate allergic rhinitis, food/drug allergy, allergic contact dermatitis, atopic dermatitis, chronic urticaria, and bee venom allergy.
positive to negative long time after eradicating H. pylori. Thereby we were able to clearly figure out the history of H. pylori infection rather than current infection, even though there was a possibility of recall bias. Another limitation is that our results give no clue on causality, but only an association due to the nature of cross-sectional study. Our results indicate that H. pylori infection is inversely related with asthma in young adults. This result suggests that H. pylori infection may inhibit development of asthma in some way in young adults. Therefore, we recommend careful consideration on whether to eradicate H. pylori in young patients with asthma risk factors, as H. pylori may play a role in reducing the risk for asthma. Further prospective studies are warranted to clarify the underlying mechanisms.
